The genetic diversity of 88 Streptococcus suis serotype 2 isolates which were recovered from various countries was examined by randomly amplified polymorphic DNA (RAPD) analysis with three primers. This bacterial collection included 80 isolates of porcine origin and 8 of human origin. This investigation allowed the identification of 23 RAPD types containing 1 to 30 isolates originating from one to six countries. Common RAPD patterns were found between human and pig isolates. The isolates were also tested for the production of virulent factors such as hemolysin, muramidase-released protein (MRP), and extracellular factor (EF). All isolates exhibiting the virulent phenotype hemolysin ؉ MRP ؉ EF ؉ clearly clustered on the basis of fingerprinting by RAPD analysis. In a similar way, most of isolates with the hemolysin ؊ MRP ؊ EF ؊ phenotype were assigned to one RAPD cluster. Therefore, RAPD clusters are more related to the phenotype defined with hemolysin, MRP, and EF than to the geographic origin of the isolates. These data indicate that RAPD analysis used in conjunction with phenotypic methods provides a reliable method for the assessment of the clonal relationship between S. suis isolates responsible for infections in pigs or humans, especially for those exhibiting the classic "virulent" phenotype hemolysin
Streptococcus suis serotype 2 is the causative agent of a wide range of infections in pigs such as septicemia, meningitis, arthritis, and pneumonia (20) . This particular serotype has also been associated with severe infections in humans (1, 22) .
Little is known about the pathogenesis of S. suis infections. Moreover, the virulence of S. suis isolates belonging to serotype 2 has been shown to be variable (3, 24) . Two virulence markers have been described for European S. suis isolates: the first is a 136-kDa cell wall-associated protein called muramidase-released protein (MRP) and the second is a 110-kDa extracellular factor (EF) (24) . Related proteins with higher (EF*, MRP*) or lower (MRPs) molecular masses have been described (26) . According to these studies, most isolates from diseased pigs belonged to the MRP ϩ EF ϩ phenotype, whereas the majority of isolates from healthy pigs belonged to the MRP Ϫ EF Ϫ phenotype. MRP ϩ EF* isolates were associated with slight pathological changes (26) . Most isolates from human patients exhibited the MRP ϩ EF Ϫ phenotype (25) . Interestingly, most virulent North American isolates do not carry these two virulence proteins (7, 10) . More recently, a hemolysin, designed suilysin, was shown to be produced by some S. suis serotype 2 strains (8, 13, 14) , but its involvement in the pathogenesis of S. suis infections is still unknown. A correlation between hemolysin activity and virulence has been reported (21) . As for proteins MRP and EF, the suilysin is not produced by all virulent strains (10) .
Genetic differences between S. suis serotype 2 strains have previously been demonstrated. The use of multilocus enzyme electrophoresis to define the diversity among Australian strains indicated that S. suis serotype 2 strains from healthy and diseased Australian pigs originated from diverse genetic backgrounds (11, 16) . The use of restriction endonuclease analysis and ribotyping to examine a collection of Canadian S. suis serotype 2 isolates has shown that those recovered from diseased pigs exhibited less genetic heterogeneity than those isolated from healthy pigs (12) . Recently, it was demonstrated that strains synthesizing both MRP (or MRPs) and EF molecules have a unique ribotype profile and that strains with a MRP ϩ EF ϩ phenotype are genetically more homogeneous (18) .
The purpose of this study was to clarify the genetic relatedness of a collection of S. suis serotype 2 isolates from various geographic origins in correlation with their phenotypes. Isolates had been recovered from diseased or healthy carrier pigs and from humans in Europe and North America. They were studied by random amplified polymorphic DNA (RAPD) analysis. The objectives were (i) to assess if isolates from different countries share common RAPD patterns; (ii) to evaluate the correlation between RAPD patterns and the production of MRP, EF, and hemolysin; (iii) to define if strains from diseased pigs exhibit distinct RAPD patterns from those identified in isolates from healthy carrier pigs; and (iv) to assess if human isolates and pig isolates exhibit similar RAPD patterns.
MATERIALS AND METHODS

S. suis isolates.
A total of 88 unrelated S. suis serotype 2 isolates were used in this study, and 80 were of porcine origin and 8 were of human origin. Samples were collected between 1989 and 1997. Seventy-two of the porcine isolates were from diseased animals, and the other 8 isolates originated from the upper respiratory tracts of clinically healthy pigs. All human isolates were from patients who were diagnosed with S. suis infection and who were all in close contact with pigs.
The isolates originated from different geographic areas: 34 isolates were from France, 3 were from England, 3 were from The Netherlands, 7 were from Italy, 27 were from Canada, 13 were from the United States, and 1 was from Mexico. The origin of each isolate is indicated in Fig. 2 . The S. suis isolates were serotyed by a coagglutination test, based on polysaccharide capsular antigens, as described previously (9) .
Phenotyping. The strains were tested for the production of MRP and EF by immunoblotting with monoclonal antibodies as described previously (24) . They were also tested for the production of a hemolysin as described previously (8) .
Fingerprinting by RAPD analysis. PCR was conducted under a layer of mineral oil in a 25-l reaction mixture containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2.5 mM MgCl 2 , 100 M (each) dATP, dCTP, dGTP, and dTTP (Pharmacia, Uppsala, Sweden), 0.2 M primer, 0.5 U of Taq DNA polymerase (Pharmacia), and 25 ng of DNA extracted and purified as described previously (17) . The primers used in this study were purchased from Operon Technologies (Alameda, Calif.). The cycling program was 1 cycle of 94°C for 4 min, 36°C for 1 min, and 72°C for 2 min; 33 cycles of 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min; and 1 cycle of 94°C for 2 min, 36°C for 1 min, and 72°C for 10 min in a DNA Thermal Cycler 480 (Perkin-Elmer Cetus, Norwalk, Conn.). Amplified products (20 l) were analyzed by 1.4% agarose gel electrophoresis in Tris-borate-EDTA buffer and were visualized by UV transillumination following ethidium bromide staining. A negative control consisting of the same reaction mixture but with water instead of template DNA was included in each run.
Pattern analysis. Photographs of each gel were digitized with a video camera connected to a microcomputer (AlphaEase; Alpha Innotech Corp., San Leandro, Calif.). Analysis of the RAPD patterns was performed with the Taxotron package (Taxolab, Institut Pasteur, Paris, France). This package is composed of the RestrictoScan, RestrictoTyper, Adanson, and Dendrograf programs. The digitized images were transferred to a Macintosh microcomputer, and the band migration distances for each lane were determined with the RestrictoScan program. The molecular size of each fragment was generated from migration distances by using cubic spline algorithms with the RestrictoTyper program. A distance matrix was calculated with the RestrictoTyper program, with the fragment length error tolerance set at 5%. A schematic representation of the electrophoretic patterns was also produced with the RestrictoTyper program. The relationships between RAPD types were calculated by the unweighted pair group method with arithmetic mean (19) with the Adanson clustering program (dissimilarity). A dendrogram of the tree description file was drawn with the Dendrograf program.
RESULTS
Identification of informative primers. To identify primers that generate informative and discriminatory arrays of PCR products, 20 different 10-mer primers were tested with genomic DNA from 18 unrelated S. suis capsular type 2 isolates. Six of them were from healthy pigs and the others were identified among diseased pigs. The geographic origins of these isolates varied: 9 originated from Canada, 3 originated from The Netherlands, 2 originated from France, 2 originated from England, 1 originated from the United States, and 1 originated from Mexico. Three primers named OPB7 (5Ј-GG TGACGCAG-3Ј), OPB10 (5Ј-CTGCTGGGAC-3Ј), and OPB17 (5Ј-AGGGAACGAG-3Ј) were selected because they gave reproducible patterns containing fragments with a large size range and a small number of low-intensity bands (Fig. 1) . Among the primers tested, they were also the most discriminative for the 18 unrelated isolates. The reproducibilities of the RAPD patterns were tested by using DNA preparations made from separate cultures of 18 strains on different days. Identical strain-specific patterns were obtained from the paired DNA preparations. In addition, the same DNA preparations from isolates tested at least three times exhibited identical and reproducible strain-specific patterns.
Genetic diversity of isolates as defined by fingerprinting by RAPD analysis. For the whole panel of 88 isolates, 12 RAPD patterns each composed of 3 to 7 bands with sizes of between 0.4 and 5 kbp were achieved with primer OPB7, 14 patterns each characterized by 4 to 9 bands in a 0.5-to 5-kbp size range resulted with OPB10, and 11 patterns each with 6 to 11 bands in a 0.4-to 6-kbp size range were observed with OPB17. Each pattern contained 1 to 36 isolates. By combining the data obtained with the three primers, 23 RAPD types were found among the 88 isolates. The genetic relationships between the isolates on the basis of their RAPD types are represented in the dendrogram shown in Fig. 2 . This clustering analysis allowed the differentiation of five groups (groups A, B, C, D, and E), each of which contained 4 to 31 isolates, and grouped 82 of the 88 isolates (Fig. 2) .
Genetic variations of isolates in relation to their geographic origins. The RAPD types contained 1 to 30 isolates originating from one to six countries (Fig. 2) . Strains isolated in the same country were not all characterized by the same RAPD type. Clustering analysis revealed that 42 of the 47 European isolates were assigned to six RAPD types belonging to the major groups A, B, and C (Fig. 2) . The 13 isolates from the United States were assigned to five RAPD types of the groups A, B, and C. The 27 Canadian isolates, distributed in 14 RAPD types, defined the most heterogeneous population (Fig. 2) .
Relation between genotypic and phenotypic characteristics. The phenotypic characteristics of each isolate are presented in Fig. 2 . Only 8% of the North American isolates had the phenotype MRP ϩ EF ϩ , whereas 55% isolates of European origin Fig. 2) . In a similar way, most of isolates with the hemolysin Ϫ MRP Ϫ EF Ϫ phenotype were assigned to one RAPD cluster (group E, Fig. 2) . Isolates with the hemolysin Ϫ MRP ϩ EF Ϫ phenotype were closely related (group C, Fig. 2) . The four isolates with the hemolysin ϩ MRP ϩ EF Ϫ (or EF*) phenotype clustered together (group B, Fig. 2) . Finally, the four isolates demonstrating the hemolysin ϩ
MRP
Ϫ EF Ϫ phenotype were identical on the basis of their RAPD types (group D, Fig. 2) .
Genetic variations of isolates in relation to host status. The eight isolates from pigs without clinical signs of infection were assigned to six RAPD types. Four of these types also corresponded to those of isolates recovered from diseased pigs. Three unrelated isolates from clinically healthy animals, all isolated in Canada, were characterized by the same RAPD types. Cluster analysis based on the fingerprints obtained by RAPD analysis could not distinguish isolates from pigs with meningitis and those from pigs with septicemia (data not shown).
Genetic variations of isolates in relation to host origin.
Clustering was not observed for the eight S. suis isolates from human patients (Fig. 2) . In addition, common RAPD patterns between isolates from humans and pigs were identified. All isolates of human origin and with the hemolysin ϩ MRP ϩ EF ϩ phenotype clustered with pig isolates possessing the same phenotype.
DISCUSSION
Fingerprinting by RAPD analysis has successfully been used to analyze bacterial genomic DNAs (5, 6, 23) . The results of the present study have shown a relative genetic diversity among the different isolates of S. suis serotype 2. This genetic heterogeneity among S. suis serotype 2 isolates had also been previously observed by other typing methods such as multilocus enzyme electrophoresis (11, 16) , restriction endonuclease analysis (4), and ribotyping (12, 15, 18, 21) . These findings suggest that different S. suis type 2 clones are associated with infections in pigs. Several RAPD clusters regrouped isolates from different countries, even from two different continents. These data suggest that the North American and European isolates that share the same RAPD cluster may have originated from a common ancestor. S. suis serotype 2 is usually transmitted by the respiratory route and colonizes the nasal cavities and tonsils of both diseased and healthy carrier pigs (2, 16) . Therefore, the intensive swine production in developed countries is likely to be at the origin of the spread of particular S. suis "clones" worldwide.
Since European studies had demonstrated that the MRP and EF proteins were strongly associated with the virulence of S. suis serotype 2 isolates (26), the strain relatedness with phenotypic and genotypic characteristics was also investigated in this study. The present study confirmed previous reports which indicate that the MRP and EF proteins, as well as the hemolysin, are not frequently associated with North American strains (10, 21 ). It appears that RAPD clusters are more related to the phenotype defined with the hemolysin, MRP, and EF than to the geographic or host origin of the strains. Interestingly, 30 of the 31 isolates that synthesized the hemolysin, MRP (or MRPs), and EF belonged to a unique RAPD type; the other isolate was assigned to a RAPD type closely related to the previous one. Twenty-six of these 31 isolates originated from Europe, only 1 isolate was from Canada, and only 4 isolates were from the United States. Data indicate that these isolates are very closely related and may originate from a common ancestor. A recent study indicated that MRP ϩ (or MRPs ϩ ) EF ϩ isolates also exhibited a unique ribotype profile (18) . This suggests that both ribotyping and fingerprinting by RAPD analysis can be used to detect specifically these pathogenic MRP ϩ EF ϩ hemolysin ϩ isolates. Compared with ribotyping, RAPD analysis is faster, technically less demanding, and more economical. However, since the MRP and EF proteins are not present in all virulent strains (e.g., Canadian strains) (7, 10) , these alternative typing methods will not be sufficient for the tracking of all virulent strains. Another correlation between phenotypic and genotypic characteristics has been observed for strains which do not express hemolysin, MRP, or EF. All but one of these strains were closely related on the basis of fingerprinting by RAPD analysis. This RAPD cluster included nine isolates from diseased pigs and six isolates from healthy pigs. The fact that isolates from healthy pigs and diseased pigs were closely related at the genomic level emphasizes the importance of the host factors in the occurrence of the infection.
Interestingly, S. suis serotype 2 isolates recovered from hu- (Fig. 2) . This suggests the existence of a clonal relationship and that some S. suis clones could commonly be the cause of human infections. Moreover, six human isolates were identical to some of the pig isolates, confirming a possible transmission of S. suis from pigs to humans. This conclusion agrees with the results of Arends and Zanen (1), who indicated that people who are in close contact with pigs are at greater risk for S. suis infection. In summary, the results of this study indicate that fingerprinting by RAPD analysis is a useful technique for the characterization of virulent strains exhibiting the classic "virulent" phenotype hemolysin ϩ MRP ϩ EF ϩ . When used in conjunction with phenotypic methods, RAPD analysis provides a reliable method for assessment of the clonal relationship of S. suis strains responsible for infections in pigs or humans.
